Performance of Direct Displacement Based Design on Regular Concrete Building Against Indonesian Response Spectrum by Ima , Muljati et al.
 Procedia Engineering  171 ( 2017 )  1019 – 1024 
Available online at www.sciencedirect.com
1877-7058 © 2017 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the organizing committee of SCESCM 2016.
doi: 10.1016/j.proeng.2017.01.438 
ScienceDirect
6XVWDLQDEOH&LYLO(QJLQHHULQJ6WUXFWXUHVDQG&RQVWUXFWLRQ0DWHULDOV6&(6&0
3HUIRUPDQFHRIGLUHFWGLVSODFHPHQWEDVHGGHVLJQRQUHJXODU
FRQFUHWHEXLOGLQJDJDLQVW,QGRQHVLDQUHVSRQVHVSHFWUXP
,PD0XOMDWLD%HQMDPLQ/XPDQWDUQDD5H\QDOGR3,QWDQD$U\JLDQQ\9DOHQWLQRD
a Civil Engineering Department, Petra Christian University, Surabaya, Indonesia  
$EVWUDFW
7KH UHQHZDO RI ,QGRQHVLDQ VHLVPLF FRGH IURP 61,  LQWR 61,  EULQJV VLJQLILFDQW FKDQJH LQ WKH GHVLJQ
VSHFWUXP)RFXVHGRQVHYHUDOUHJXODUSODQFRQFUHWHEXLOGLQJZKLFKKDYHEHHQGHVLJQXVLQJGLVSODFHPHQWEDVHGGHVLJQPHWKRG
WKH DLP RI WKLV VWXG\ LV WR YHULI\ WKHLU SHUIRUPDQFH XVLQJ QRQOLQHDU WLPH KLVWRU\ DQDO\VLV EDVHG RQ SDUDPHWHUV GULIW GDPDJH
LQGLFHV DQG SODVWLFPHFKDQLVP GHWHUPLQHG E\ )(0$  7KH H[FLWDWLRQ LV VSHFWUXP FRQVLVWHQW DFFHOHURJUDP EDVHG RQ (O
&HQWUR16WRPDWFKZLWKWKHQHZ,QGRQHVLDQUHVSRQVHVSHFWUXPIRUVRIWVRLOLQORZDQGKLJKLQWHQVLW\DUHD,WLVIRXQG
WKDWWKHFRGHGHVLJQHGEXLOGLQJVDUHQRWVXLWDEOHIRUWKHWDUJHWHGGHVLJQRIOHYHOZLWKPD[LPXPGULIWRIGXHWRPDMRU7KLV
LVFDXVHGE\LPSURSHUVHOHFWLRQRI61,VSHFWUXPDVWKHGHVLJQPDMRUHDUWKTXDNH,QIDFWLWLVRQO\HTXLYDOHQWWRVPDOOHDUWKTXDNH
$OWKRXJKEXLOGLQJVVXUYLYHXSWRDYHU\UDUHHDUWKTXDNHZLWKRXWFROODSVHEXWWKH\VXIIHUH[FHVVLYHGDPDJHDQGURWDWLRQGXHWR
VPDOOWRPDMRUHDUWKTXDNH7KHFDSDFLW\GHVLJQSURFHGXUHLVDEOHWRPDLQWDLQGXFWLOHPHFKDQLVPEXWVRPHFROXPQVH[SHULHQFH
\LHOGLQJDWSURKLELWHGORFDWLRQV
7KH$XWKRUV3XEOLVKHGE\(OVHYLHU/WG
3HHUUHYLHZXQGHUUHVSRQVLELOLW\RIWKHRUJDQL]LQJFRPPLWWHHRI6&(6&0
Keywords:'LUHFWGLVSODFHPHQWEDVHGGHVLJQQRQOLQLHUWLPHKLVWRU\DQDO\VLVSHUIRUPDQFHEDVHGGHVLJQUHJXODUSODQEXLOGLQJ
,QWURGXFWLRQ
7KHODWHVW,QGRQHVLDQVHLVPLFFRGH61,>@EULQJVVLJQLILFDQWFKDQJHVLQWKHGHVLJQVSHFWUXP,QOLQH
ZLWK$6&(>@DV WKHPDLQUHIHUHQFHRI WKLVFRGH61,XVHV WKHPD[LPXPFRQVLGHUHGHDUWKTXDNH
0&( EDVHG RQ \HDU UHWXUQSHULRG JURXQGPRWLRQ ZLWK  LQ \HDU SUREDELOLW\ RI H[FHHGDQFH &RGH


&RUUHVSRQGLQJDXWKRU7HOID[
E-mail address:LPXOMDWL#SHWUDDFLG
© 2017 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the organizing committee of SCESCM 2016.
1020   Ima Muljati et al. /  Procedia Engineering  171 ( 2017 )  1019 – 1024 
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JURXQGPRWLRQLVGHWHUPLQHGIURPWKH0&(JURXQGPRWLRQYDOXHVGLYLGHGE\NQRZQDVWKHVHLVPLFPDUJLQWR
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GULIWDQGGDPDJH LQGLFHVDVZHOODV LQIRUPDWLRQDERXW WKHLU
SODVWLFPHFKDQLVP7KHFLUFOHGQXPEHUVGHQRWHQXPEHURIVWUXFWXUHVZLWKLQWKHFHUWDLQOLPLWVWDWHZKLOHZKLWHDQG
EODFNFLUFOHUHSUHVHQW6XUDED\DDQG-D\DSXUD7KHH[SHFWHGSHUIRUPDQFHRFFXUVZKHQEXLOGLQJVSHUIRUPSURSHUO\LQ
WKHGHWHUPLQHGOLPLWVWDWHZKLFKLVLQ“operational level”GXHWRVPDOOHDUWKTXDNHXSWR\HDUUHWXUQSHULRGLQ
“immediate occupancy”GXH WRPRGHUDWHHDUWKTXDNHXS WR\HDU UHWXUQSHULRG LQ“life safety” GXH WRPDMRU
HDUWKTXDNHXSWR\HDUUHWXUQSHULRGDQGLQ“collapse prevention” GXHWRDYHU\UDUHHDUWKTXDNHXSWR
\HDUUHWXUQSHULRGDVOLVWHGLQ7DEOH
5.1. Drift
7DEOHVKRZVWKHSHUIRUPDQFHRIVWUXFWXUHPHDVXUHGE\WKHPD[LPXPGULIWH[SHULHQFHGGXULQJWKHH[FLWDWLRQ,W
FDQEHVHHQWKDWDOOEXLOGLQJVDVH[SHFWHGVXUYLYHXSWRYHU\UDUHHDUWKTXDNHZLWKRXWFROODSVH+RZHYHUWKHUHLVD
VLJQLILFDQWGLIIHUHQFHEHWZHHQEXLOGLQJSHUIRUPDQFH LQ6XUDED\DGDQ -D\DSXUD)RU6XUDED\DEXLOGLQJV VXIIHULQJ
H[FHVVLYHGULIWGXHWRVPDOOWRPRGHUDWHHDUWKTXDNHEXWWKH\SHUIRUPZHOOLQOLIHVDIHW\OLPLWVWDWHXSWRYHU\UDUH
HDUWKTXDNHZLWK\HDUUHWXUQ:KLOHIRU-D\DSXUDH[FHVVLYHGULIWRFFXUVGXULQJVPDOOWRPDMRUHDUWKTXDNHEXW
WKH\VXUYLYHXSWRYHU\UDUHHDUWKTXDNHZLWKUHWXUQSHULRGRI\HDU
7KLV VWXG\ KDV VKRZQ FOHDUO\ WKDW WKH GHVLJQ UHVSRQVH VSHFWUXP IRU 6XUDED\D DQG -D\DSXUD RQO\ HTXDO WR
HDUWKTXDNHZLWKUHWXUQSHULRGRI\HDUDQG\HDUZKLFKFDWHJRUL]HGDVVPDOOHDUWKTXDNHE\)(0$>@
7KHUHIRUH WKH WDUJHW GHVLJQ GLVSODFHPHQW RI  LV LQFRUUHFW IRU WKLV HDUWKTXDNH OHYHO 7KH WUXH GHVLJQ
GLVSODFHPHQWVKRXOGEHLQOHYHOZLWKPD[LPXPGLVSODFHPHQWRI7KXVWKHVWUHQJWKGHPDQGLQ>@LVOHVV
WKDQLWVKRXOGEH1RWVXUSULVLQJO\LIEXLOGLQJVXIIHUH[FHVVLYHGULIWGXHWRVPDOOWRPDMRUHDUWKTXDNH)RUWXQDWHO\
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WKH\ VXUYLYH XS WR UDUH HDUWKTXDNH ZLWK UHWXUQ SHULRG RI \HDU DQG \HDU IRU 6XUDED\D DQG -D\DSXUD
UHVSHFWLYHO\
7DEOH%XLOGLQJSHUIRUPDQFHEDVHGRQGULIW
5HWXUQSHULRG (DUWKTXDNH
OHYHO
2SHUDWLRQDOOHYHO ,PPHGLDWH
RFFXSDQF\
/LIHVDIHW\ &ROODSVH
SUHYHQWLRQ
8QDFFHSWDEOH
 6PDOO  ho q  
   ho q  
 0RGHUDWH  fo d q 
 0DMRU  fo d q 
   eo e q 
 5DUH  co g q 
   o h q 
   o h  q
   o h  q
   o h  q
0D[GULIW   ± ± ± 0RUHWKDQ
 8QGHVLUDEOH {z6XUDED\D-D\DSXUD &LUFOHGQXPEHUQXPEHURIEXLOGLQJVLQFHUWDLQDUHD
5.2. Damage indices and plastic mechanism 
'DPDJHLQGH[LVDSDUDPHWHUWRPHDVXUHWKHOHYHORIGDPDJHRIVWUXFWXUDOPHPEHU,WLVGHILQHGDVWKHURWDWLRQ
GHPDQGGLYLGHGE\WKHDYDLODEOHURWDWLRQFDSDFLW\ZKLFKFDQEHFDOFXODWHGXVLQJ
yu
ynDI
TT
TT


   
ZKHUHTnLVWKHURWDWLRQRFFXUDWWKHPHPEHUTyDQGTuDUHWKH\LHOGDQGXOWLPDWHURWDWLRQRIWKHPHPEHU7DEOH
VKRZVWKHGDPDJHLQGLFHVRIEHDPVDQGFROXPQVRIWKHREVHUYHGVWUXFWXUH7KHPHDQLQJRIV\PEROVDQGQRWDWLRQ
DUHVLPLODUWRWKRVHDOUHDG\XVHGLQSUHYLRXVGULIWFRQVLGHUDWLRQ
)RU6XUDED\DGDPDJHLQGLFHVIRUEHDPVDUHFRQVLVWHQWZLWKGULIWFRQVLGHUDWLRQ)RUUHWXUQSHULRGRI\HDU
DQG ODUJHU DOO EHDPV SHUIRUPZHOO LQ life safety ,Q WKH FRQWUDU\ IRU -D\DSXUD RQO\ WZR EXLOGLQJV DUH LQ VLPLODU
FRQGLWLRQZKLOHWKHRWKHUIRXUDUHLQ“collapse prevention” OLPLWVWDWH,QWHUHVWLQJO\DOOEHDPVVXFFHVVIXOO\VXUYLYH
XSWRHDUWKTXDNHZLWKUHWXUQSHULRGRI\HDU
2Q WKH RWKHU KDQG GDPDJH LQGLFHV IRU FROXPQV VKRZ GLIIHUHQW UHVXOWV )RU 6XUDED\D WKH FRQGLWLRQ RI“life
safety” LV RQO\ DVVXUHG XS WR UHWXUQSHULRGRI \HDU)RU UHWXUQSHULRGRI\HDU DQG ODUJHU WKHUH DUH WZR
EXLOGLQJV KDYH DOUHDG\ LQ“collapse prevention”:KLOH IRU -D\DSXUD FROXPQV DEOH WR VXUYLYH LQ FRQGLWLRQ“life
safety” XS WR UHWXUQ SHULRG RI \HDU $JDLQ DOO FROXPQV VXFFHVVIXOO\ VXUYLYH XS WR HDUWKTXDNH ZLWK UHWXUQ
SHULRGRI\HDU
$OOEXLOGLQJVVKRZGXFWLOHPHFKDQLVP\LHOGLQJLVVWDUWHGLQEHDPVDQGIROORZHGE\FROXPQV,WFDQEHVDLGWKDW
WKHHIIRUWRIFDSDFLW\GHVLJQLQ''%'SURFHGXUHHIIHFWLYHO\JXDUDQWHHWKHFRQGLWLRQRIstrong column weak beam
8QIRUWXQDWHO\ WKHUH DUH VWLOO \LHOGLQJ LQ VRPH FROXPQV DW SURKLELWHG ORFDWLRQV LQVWHDG RI DW WKH WRS HQG RI URRI
FROXPQDQGDWWKHEDVHFROXPQ$OWKRXJKDOOEXLOGLQJVVXIIHUFRQVLGHUDEOHGDPDJHEXWQRRQHRIWKHPFROODSVHXSWR
DYHU\UDUHHDUWKTXDNHZLWKUHWXUQSHULRGRI\HDU

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7DEOH%XLOGLQJSHUIRUPDQFHEDVHGRQGDPDJHLQGLFHVLQEHDPDQGFROXPQ
  %HDP &ROXPQ
5HWXUQ
SHULRG
(DUWKTXDNH
OHYHO
2SHUDWLRQDO
OHYHO
,PPHGLDWH
RFFXSDQF\
/LIH
VDIHW\
&ROODSVH
SUHYHQWLRQ
2SHUDWLRQDO
OHYHO
,PPHGLDWH
RFFXSDQF\
/LIH
VDIHW\
&ROODSVH
SUHYHQWLRQ
 6PDOO  ho  q dq f o 
   fo d q fo co co 
 0RGHUDWH  eo e q en co dp 
 0DMRU  co g q c eo dq 
   o h q c eo q d
 5DUH  o h q  fo q d
   o h q  eo cp dn
   o h q  eo do co
   o h q  do d dq
   o h q  do d dq
 8QGHVLUDEOH {z6XUDED\D-D\DSXUD &LUFOHGQXPEHUQXPEHURIEXLOGLQJVLQFHUWDLQDUHD
&RQFOXVLRQDQGUHFRPPHQGDWLRQ
,W LVFRQFOXGHG WKDW WKHFRGHGHVLJQHGEXLOGLQJVXVLQJGLUHFWGLVSODFHPHQWEDVHGGHVLJQ ''%' LQSUHYLRXV
VWXGLHVLVQRWVXLWDEOHIRUWKHWDUJHWHGGHVLJQRIOHYHOLHPD[LPXPGULIWRIGXHWRPDMRUHDUWKTXDNH7KLVLV
FDXVHGE\LPSURSHUVHOHFWLRQRI61,VSHFWUXPDVWKHGHVLJQPDMRUHDUWKTXDNH,QIDFWLWLVRQO\HTXLYDOHQWWRVPDOO
HDUWKTXDNH $OWKRXJK EXLOGLQJV VXUYLYH XS WR D YHU\ UDUH HDUWKTXDNH ZLWKRXW FROODSVH EXW WKH\ VXIIHU H[FHVVLYH
GDPDJHDQGURWDWLRQGXHWRVPDOO WRPDMRUHDUWKTXDNH7KHFDSDFLW\GHVLJQSURFHGXUHLVDEOH WRPDLQWDLQGXFWLOH
PHFKDQLVPEXWVRPHFROXPQVH[SHULHQFH\LHOGLQJDWSURKLELWHGORFDWLRQV
,QRUGHUWRLQFUHDVHWKHEXLOGLQJSHUIRUPDQFHWKLVVWXG\UHFRPPHQGVWRFRQGXFWIXUWKHUVWXG\RI''%'XVLQJ
WZRGLIIHUHQWWDUJHWGHVLJQGULIWLHDQGIRUVPDOODQGPDMRUHDUWKTXDNH
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